METHOD OF MANUFACTURING A LIGHT-EMITTING DEVICE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of forming a thin film used to 
manufacture an EL (electroluminescence) element comprised of an anode, a cathode, 
and a luminous material, a light-emitting organic material (hereinafter referred to as an 
organic EL material) in particular, that is sandwiched between the anode and the 
cathode to provide electroluminescence. 

The electroluminescence or light emission herein refers to either 
fluorescence from singlet excitation or phosphorescence from triplet excitation, or both. 

2. Description of the Related Art 

In recent years, development is proceeding on display devices using an EL 
element as a light-emitting element that emits light through EL phenomenon of an 
organic EL material (hereinafter referred to as EL display devices). Being 
light-emitting, the EL display devices do not need backlight unlike liquid crystal display 
devices. The EL display devices also have a wide viewing angle, which makes them 
prospective display units for portable equipment used outdoors. 

The EL display devices can be divided into two types; passive (passive 
matrix) EL display devices and active (active matrix) EL display devices. Both types 
are vigorously being developed. Of the two, the active matrix EL display devices 
particularly attract attention at present. EL materials for forming a light emitting layer 
of an EL element can be divided into organic materials and inorganic materials. The 
organic materials are classified further into small molecular organic EL materials and 



polymer organic EL materials. They are equally actively researched. The small 
molecular organic EL materials are deposited mainly by evaporation whereas the 
polymer organic EL materials are deposited mainly by coating. 

In order to manufacture a color EL display device, EL materials emitting 
different colors of light have to be deposited separately to form pixels of different colors. 
However, patterning by photolithography is not an option because EL materials are 
generally weak against moisture and oxygen. It is thus necessary to deposit the EL 
materials and pattern them at the same time. 

The most common method therefore is to place a mask of a metal plate or a 
glass plate with openings (hereinafter referred to as shadow mask) between an 
evaporation source and a substrate on which the EL materials are to be deposited. 
According to this method, the EL materials evaporated from the evaporation source 
passes only through the openings so that the materials are deposited selectively. The 
deposition and patterning of the EL layer can thus be achieved simultaneously. 

Every conventional evaporation device uses a single evaporation source and 
an EL material radially discharged from the source is deposited on the substrate to form 
a thin film. For that reason, suitable arrangement of the substrate has to be thought out 
in accordance with how far the discharged material flies. For instance, fixing the 
substrate to a conical substrate holder has been thought out so that the distance from the 
evaporation source to the substrate is the same for all the directions. 

However, the above method requires an oversize substrate holder in the case 
of employing a multi-pattern process in which a plurality of panels are formed on a 
large-area substrate, leading to an increase in size of the film forming apparatus itself. 
On the other hand, a single wafer method has difficulties in forming a film of uniform 



thickness because the substrate is flat to vary the distance from the evaporation source 
to points within the substrate surface. 

The large substrate also requires setting the distance between the 
evaporation source and the shadow mask long in order to disperse the evaporated EL 
material sufficiently and form a thin film uniformly over the entire surface of the 
substrate. Setting this distance long is another factor in enlargement of the apparatus. 

SUMMARY OF THE INVENTION 
The present invention has been made in view of the above problems, and an 
object of the present invention is therefore to provide a technique for manufacturing a 
light-emitting device by using a method of forming a thin film having a highly uniform 
thickness with high throughput. 

In order to attain the object above, a structure of the present invention is 
characterized by comprising the steps of: 

filling a small molecular organic electroluminescence material into an 
evaporation cell; and 

heating the small molecular organic electroluminescence material in an inert 
gas atmosphere to form a light emitting layer on a substrate from the small molecular 
organic electroluminescence material. 

Another structure of the present invention is characterized by the steps of: 
placing in a reaction chamber an evaporation source that has an evaporation 
cell containing a small molecular organic electroluminescence material and placing a 
shutter over an orifice of the evaporation cell; 

heating the small molecular organic electroluminescence material in an inert 
gas atmosphere; and 



opening and closing the shutter to form a light emitting layer on one surface 
of a substrate from the small molecular organic electroluminescence material, the 
substrate being fixed to a sample stage. 

Another structure of the present invention is characterized by comprising 
the steps of: 

filling a small molecular organic electroluminescence material into an 
evaporation cell; and 

heating the small molecular organic electroluminescence material in an inert 
gas atmosphere to selectively form a light emitting layer on a substrate from the small 
molecular organic electroluminescence material. 

Another structure of the present invention is characterized by comprising 
the steps of: 

placing in a reaction chamber an evaporation source that has an evaporation 
cell containing a small molecular organic electroluminescence material and placing a 
shutter over an orifice of the evaporation cell; 

heating the small molecular organic electroluminescence material in an inert 
gas atmosphere; and 

opening and closing the shutter to selectively form a light emitting layer on 
one surface of a substrate from the small molecular organic electroluminescence 
material, the substrate being fixed to a sample stage. 

An evaporation cell having an orifice-like evaporation material ejecting port 
is used as an evaporation source, which makes it possible to selectively deposit an 
organic electroluminescence material on a substrate. In order to deposit by 
evaporation the organic electroluminescence material over a wide region within the 



substrate surface, one or both of the substrate and the evaporation cell are moved during 
the evaporation. The move of the substrate or the evaporation cell, or both, is 
associated with opening and closing of the shutter, which makes it possible to deposit 
the organic electroluminescence material as if to draw a pattern with strokes. 

Adopting the above structures of the present invention allows the substrate 
to have a selectively formed layer made of an organic electroluminescence material in a 
given region without using a shadow mask or the like. In this specification, an 
evaporation method as above is referred to as gasification evaporation and a device 
using the evaporation method is referred to as gasification evaporation device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

Fig. 1 is a diagram illustrating the structure of an evaporation device; 

Fig. 2 is a diagram illustrating an evaporation cell and an evaporation 

method; 

Fig. 3 is a diagram illustrating an apparatus used in manufacturing a 
light-emitting device; 

Figs. 4A and 4B are diagrams showing the structure of an EL display device, 
where Fig. 4A is a top view thereof and Fig. 4B is a sectional view thereof; 

Figs. 5A and 5B are sectional views showing a pixel portion of an EL 
display device; 

Figs. 6A and 6B are a top view of a pixel portion of an EL display device 
and a circuit diagram thereof, respectively; 

Figs. 7A to 7F are diagrams showing examples of a semiconductor device; 

and 



Figs. 8A to 8C are diagrams showing examples of the semiconductor 

device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiment 1 

* 5 Fig. 1 is a diagram illustrating the structure of a gasification evaporation 

device according to the present invention. A reaction chamber 101 is an air-tight 
container and the interior thereof is completely shut out from the outside air. The 
reaction chamber 101 is filled with inert gas (typically, argon) supplied from gas 

O 

]g introducing means 107. The gas is kept at the same pressure as the atmospheric 
J: 10 pressure (1.01 x 10 5 Pa). Discharging means 108 is activated as the need arises to 

5 - € 

ifa circulate the inert gas or to discharge the gas. 

5 

5 One or plural evaporation cells used as evaporation sources are provided 

P 

Lfl depending on the need. In Fig. 1, an evaporation cell (1) 109a, an evaporation cell (2) 

□ 

U) 109b, and an evaporation cell (3) 109c, three in total, are provided. The temperature of 

□ 

^ 15 these evaporation cells is controlled by heating means 110. 

A substrate 102 is fixed to a sample stage 103. A shutter automatically 
opening and closing is interposed between the substrate and the evaporation cells. A 
computer 111 centrally controls control means 104 for moving the sample stage 103 in 
the horizontal direction, control means 106 for opening and closing the shutter 105, and 
20 the heating means 110, which operate in association with one another. The associated 
operation makes it possible to form a pre-programmed evaporation pattern on the 
substrate 102 without using a shadow mask. 

Fig. 2 is a diagram given for a simple explanation of this gasification 
evaporation. Evaporation cells 206 to 208 contain evaporation materials and are 
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heated to the evaporation temperature. Each evaporation cell is formed of boron 
nitride, alumina, tungsten, or the like, and has its tip formed into an orifice with a 
diameter of several tens to several hundreds \im. When the evaporation cells are 
heated by a heater, the pressure in the evaporation cells is risen to gasify the contained 
materials and the flux distribution of the evaporation materials ejected through the 
orifices gains directivity. 

The directivity is determined in accordance with the orifice diameter and the 
thickness thereof. Since the deposition takes place under the atmospheric pressure, the 
gasified and evaporation materials have small mean free process and the evaporation 
materials can be deposited on the substrate while maintaining a relatively high 
directivity. 

The position of the substrate and the orifice is controlled so that evaporation 
films 209 to 212 are formed at positions that coincide with positions of pixel electrodes 
202 to 204 formed on a substrate 201. A bump 205 is useful in separating adjoining 
evaporation films. 

With the gasification evaporation device as above, a given pattern of 
evaporation films can be formed on a substrate without using a shadow mask. In this 
case, the pattern can have a width of about 50 to 200 nm. The substrate is placed on a 
sample stage and hence is movable in the horizontal direction (direction X-Y). By 
associating the movement of the substrate with opening and closing of the shutter and 
by using the evaporation cells illustrated in Fig. 2, minute patterns can be drawn on a 
large-area substrate. 

A description given next with reference to Fig. 3 is an example of a film 
forming apparatus suitable for manufacturing a light-emitting device. In Fig. 3, 



reference symbol 501 denotes a transfer chamber and the transfer chamber 501 is 
provided with a transferring mechanism 502 to carry a substrate 503. The interior of 
the transfer chamber 501 is set to the atmospheric pressure and is filled with inert gas. 
Gates 500a to 500e each separate one processing chamber from other chambers. The 
substrate is carried from one processing chamber to another by the transferring 
mechanism 502 when the associated gate is opened. 

Reference symbol 504 denotes a loading chamber for setting the substrate 
and the loading chamber also serves as an unloading chamber. The loading chamber 
504 is connected to the transfer chamber 501 through the gate 500a, and this is where a 
carrier (not shown) in which the substrate 503 is set is placed. The loading chamber 
504 may be divided into a room for bringing the substrate in and a room for sending the 
substrate out. 

The substrate 503 supplied to the apparatus has finished the manufacture 
process up through formation of a transparent conductive film to serve as an anode of an 
EL element. The substrate 503 is set in the carrier with its film forming surface facing 
downward. This is to facilitate a face down method (also called deposit up method) at 
a later step of forming a film by evaporation. The face down method refers to a 
method in which the film is formed while the film forming surface of the substrate faces 
downward. This method prevents dusts from settling onto the film forming surface. 

Next, denoted by 505 is a processing chamber for processing the surface of 
the anode of the EL element or a cathode thereof (hereinafter referred to as 
pre-processing chamber). The pre-processing chamber 505 is connected to the transfer 
chamber 501 through the gate 500b. The pre-processing chamber can be modified so 
as to suit a process of manufacturing an EL element, but any modified pre-processing 



chamber has to be capable of heating the substrate at 100 to 120°C while irradiating the 
surface of the anode made of a transparent conductive film with ultraviolet light in 
oxygen. Pre-processing as such is effective in treating the surface of the anode of the 
EL element. 

5 The next processing chamber is an evaporation chamber denoted by 506. 

The chamber 506 is for depositing an organic EL material through evaporation and is 
called an evaporation chamber (A). The evaporation chamber (A) 506 is connected to 
^ the transfer chamber 501 through the gate 500c. The evaporation chamber (A) 506 

r=f provided here has the structure shown in Fig. 1. 

CO 

TU0 In a film forming unit 507 inside the evaporation chamber (A) 506, a hole 

I £ I 

« injection layer is first formed over the entire surface of the substrate. Subsequently, a 

s light emitting layer emitting red light is formed, then a light emitting layer emitting 

S 

Ul green light, and then a light emitting layer emitting blue light. The hole injection layer, 

□ 

bJ the light emitting layer emitting red light, the light emitting layer emitting green light 
^ 15 and the light emitting layer emitting blue light can be formed from arbitrary materials. 

The structure of the evaporation chamber (A) 506 allows the evaporation 
sources to be switched in accordance with the kind of organic materials to be deposited. 
Specifically, a preparatory chamber 508 storing plural kinds of evaporation cells is 
connected to the evaporation chamber (A) 506 so that its interior transferring 
20 mechanism can replace an evaporation cell in 506 with an evaporation cell in 508. 
Accordingly, the evaporation cells are switched every time the organic EL materials to 
be deposited change. A shadow mask is moved by a distance corresponding to one 
pixel whenever the organic EL material forming the same mask is changed. 

The deposition method used in the evaporation chamber (A) 506 is the one 
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illustrated in Figs. 1 and 2. 

Next, reference symbol 509 denotes an evaporation chamber for forming by 
deposition a conductive film (metal film serving as the cathode) serving as the anode or 
cathode of the EL element, and the chamber 509 is called an evaporation chamber (B). 
The evaporation chamber (B) 509 is connected to the transfer chamber 501 through the 
gate 500d. The evaporation chamber (B) 509 provided here has the structure shown in 
Fig. 2. In a film forming unit 510 inside the evaporation chamber (B) 509, an Al-Li 
alloy film (film of an alloy of aluminum and lithium) is formed as a conductive film to 
serve as the cathode of the EL element. The gasification evaporation can also be 
applied to formation of an alloy film as this. 

A processing chamber that comes next is a sealing chamber (also called an 
enclosing chamber or a glove box) 511, which is connected to the loading chamber 504 
through the gate 500e. In the sealing chamber 511, the final processing of sealing the 
EL element in an air-tight space is conducted. This processing is to protect the 
fabricated EL element against oxygen and moisture, and uses methods such as 
automatic sealing using a sealing member or sealing with a thermally-curable resin or a 
UV-curable resin. 

The sealing member can be formed from a material such as glass, ceramics, 
plastics and metals, but the material has to be light-transmissive if the EL element emits 
light toward the sealing member side. The sealing member is bonded to the substrate 
on which the EL element is formed by curing a thermally-curable resin or a UV-curable 
resin through heat treatment or irradiation of ultraviolet light. The air-tight space is 
thus formed. It is also effective to place a hygroscopic material represented by barium 
oxide in this air-tight space. 
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The space between the sealing member and the substrate on which the EL 
element is formed may be filled with a thermally-curable resin or a UV-curable resin. 
In this case, to add a hygroscopic material represented by barium oxide in the 
thermally-curable resin or the UV-curable resin is effective. 

In the film forming apparatus shown in Fig. 3, the sealing chamber 511 has 
therein a mechanism 512 for irradiating ultraviolet light (hereinafter referred to as 
ultraviolet light irradiation mechanism). The ultraviolet light irradiation mechanism 
512 emits ultraviolet light to cure the UV-curable resin. The interior of the sealing 
chamber 511 may be set to reduced pressure if a vacuum pump is provided. When the 
above sealing step is automated through operation of robots, the reduced pressure in the 
sealing chamber prevents oxygen and moisture from entering the chamber. 
Alternatively, the interior of the sealing chamber 511 may be pressurized. In this case, 
it is pressurized while being purged with nitrogen gas or rare gas of high purity to 
prevent oxygen and the like of the outside air from entering the chamber. 

Next, a handing-over chamber (pass box) 513 is connected to the sealing 
chamber 511. The handing-over chamber 513 is provided with a transferring 
mechanism (B) 514, which brings the substrate whose EL element has been enclosed 
through the processing in the sealing chamber 511 into the handing-over chamber 513. 
The interior of the handing-over chamber 513 may also be set to reduced pressure if a 
vacuum pump is provided. The handing-over chamber 513 is provided to avoid direct 
exposure of the sealing chamber 511 to the outside air, and the substrate is taken out 
from the handing-over chamber. 

As has been described in the above, the film forming apparatus shown in 
Fig. 3 is capable of keeping the substrate away from the outside air until after the EL 
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element is completely enclosed in an air-tign. spacc . ^ ^ ^ ^ ^ 
apparatus capable of manufacturing an EL display device of higher reUabi Uty . 

Now, a description is given on an example of using .his film forming 
apparatus to manufacture a light-emitting dispiav pane, that uses an EL materia! 
(hereinafter referred to as EL dispiav device). Fig. 4A is a top view of the EL disp,ay 
device, m Fig. 4A , reference symbo. 10 denotes a substrate, 11, a pixe, portion 12 . 

respective* ,ed t o an FPC 17 through wirings ,4 to 16 and connected to externa, 



P equipment 



Q 

IP 



Kg. 4B shows a sectional view taken along the line A-A of Fig 4A An 
2 opposite substrate 80 is provided a, least above the pixe, portion, preferably, above the 
ptxe, portion and the driver circuits. The opposite substrate 80 is bonded, using . 
sealing agent 19, ,„ an active matrix substrate „„ which TFTs and a light-emitting layer 
| made of an EL materia, are formed. The seahng agent 19 has a fiUer (no, shown) 
8 -ixed therein, which enabies me two substrates to be bonded with an aunos, uniform 
The exterior of the sealing agent 19 and the top and periphera, surface of the 

FPC 17 are sealed with an enclosing auent Rl n,. „ i • 

uosmg agent 81. The enclosing agent 81 is formed from 

a silicone resin, an epoxy resin, a pheno, resin, butyl rubber, or the like. 

When an active matrix substrate 10 is bond* to the opposite substrate 80 
20 with the sealing agent ,9, a space is formed therebetween. The space is fflied with a 

substrate 80. As the fflling agent 83, PVC (polyviny, chloride), an epoxy resin a 
stliconc resin, PVB (polyvinyl butyial), EVA (ethylene vinylaceta.e), or the like can be 
used. The light-emitting layer is weak against moisture or humidity and is Hable to 
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degrade. Therefore it is desirable to mix a drying agent such as barium oxide in the 
filling agent 83 to maintain the moisture absorbing effect. A silicon nitride film or a 
silicon oxynitride film is formed as a passivation film 82 on the light-emitting layer in 
order to prevent corrosion caused by an alkaline element contained in the filling agent 
83. 

The opposite substrate 80 may be a glass plate, an aluminum plate, a 
stainless-steel plate, an FRP (fiberglass-reinforced plastics) plate, a PVF (polyvinyl 
fluoride) film, a Mylar film (trade name for a product of DuPont), a polyester film, an 
acrylic film, an acrylic plate, or the like. A sheet consisting of aluminum foil several 
tens fim in thickness and PVF films or Mylar films sandwiching the aluminum foil may 
be used to enhance resistance against moisture. The EL element is thus sealed and 
shut out from the outside air. 

In Fig. 4B, formed on the substrate 10 and a base film 21 are a driver circuit 
TFT (shown here is a CMOS circuit using an n-channel TFT and a p-channel TFT in 
combination) 22 and a pixel portion TFT (only a TFT for controlling a current to the EL 
element is shown here) 23. The TFTs, the n-channel TFT in particular, have LDD 
regions structured as shown in this embodiment in order to prevent a decrease in ON 
current due to the hot carrier effect and to prevent characteristic degradation due to Vth 
shift and bias stress. 

Manufacture of the EL display device is continued and an interlayer 
insulating film (leveling film) 26 is formed from a resin material on a source wiring and 
a drain wiring. On the interlayer insulating film 26, a pixel electrode 27 electrically 
connected to a drain of the pixel portion TFT 23 is formed from a transparent 
conductive film. The transparent conductive film may contain a compound of indium 
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oxide and a tin oxide (this compound is called ITO) or a compound of indium oxide and 
zinc oxide. After forming the pixel electrode 27, an insulating film 28 is formed and 
an opening is formed in the insulating film over the pixel electrode 27. 

A light-emitting layer 29 is then formed. The light-emitting layer 29 may 
5 have a single layer structure or a laminate structure in which known EL materials to 
form a hole injection layer, a hole transportation layer, a light emitting layer, an electron 
transportation layer and an electron injection layer are layered in an arbitrary 
combination. Whichever structure is to be formed, known techniques can be used. 
;S The EL materials preferable for the present invention are small molecular materials and 

5 

^10 are deposited by gasification evaporation. 

SI 

W In the light-emitting layer, wavelengths of light emitted from light emitting 

a 

GS layers (red light emitting layers, green light emitting layers and blue light emitting 

£ 

*z layers) are different between different pixels, thereby enabling the device to display in 

~» 5 

J color. Other methods to obtain color display include combining a color conversion 
p- 5 layer (GCM) with color filters and combining a white light emitting layer with color 
filters, and either one can be employed. The EL display device may of course be a 
monochrome light emitting display device. 

After forming the light-emitting layer 29, a cathode 30 is formed thereon. 
Desirably, moisture and oxygen in the interface between the cathode 30 and the 
light-emitting layer 29 are removed as much as possible. This requires some 
cotrivance such as forming the light-emitting layer 29 and the cathode 30 successively 
in vacuum or forming the light-emitting layer 29 in an inert atmosphere to then form the 
cathode 30 in vacuum without exposing it to the air. The film formation as above can 
be carried out by using a film forming apparatus of multi-chamber type. 
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Y (yttrium) is used for the cathode 30. The cathode 30 is connected to the 
wiring 16 in a region denoted by 31. The wiring 16 is a power supply line for applying 
a given voltage to the cathode 30, and is connected to the FPC 17 through anisotropic 
conductive paste material 32. A resin layer 80 is formed on the FPC 17 to enhance the 
adhesion of this portion. 

In order to electrically connect the cathode 30 with the wiring 16 in the 
region denoted by 31, a contact hole has to be formed through the interlay er insulating 
film 26 and the insulating film 28. The contact hole is formed when the interlayer 
insulating film 26 is etched (upon forming a contact hole for the pixel electrode) and 
when the insulating film 28 is etched (upon forming the opening prior to the formation 
of the light-emitting layer). Alternatively, the contact hole may be formed by etching 
the insulating film 28 all the way through the interlayer insulating film 26. In this case, 
the contact hole can be shaped appropriately if the interlayer insulating film 26 and the 
insulating film 28 are formed from the same resin material. 

The wiring 16 passes through a gap between the sealing agent 19 and the 
substrate 10 (the gap is filled with the enclosing agent 81) to be electrically connected to 
the FPC 17. Although the description given here is about the wiring 16, the other 
wirings 14 and 15 similarly pass under the sealing agent 19 to be electrically connected 
to the FPC 17. 

Figs. 5 A and 5B each show a more detailed sectional structure of the pixel 
portion. Fig. 6A and Fig. 6B show a top structure of the pixel portion and a circuit 
diagram thereof, respectively. In Fig. 5A, a switching TFT 2402 formed on a substrate 
2401 has a double gate structure in which substantially two 'it is are connected in series. 
An LDD region having an offset region that does not overlap with a gate electrode can 
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thus be formed, thereby providing an advantage of reduced OFF current value. 
Although the TFT here has a double gate structure, it may take a triple gate structure or 
a multi-gate structure having more than three gates. 

An n-channel TFT is used for a current controlling TFT 2403. This TFT 
has a structure in which an LDD region overlapping with a gate electrode is formed 
only on the drain side. The structure reduces the parasitic capacitance between the 
gate and the drain and reduces the serial resistance, thereby increasing a current driving 
ability. This structure is also significant from another viewpoint. The current 
controlling TFT is an element for controlling the amount of current flowing into the EL 
element, and hence a large amount of current flows through the TFT to increase the risk 
of degradation by heat or by hot carriers. Therefore, the degradation of the current 
controlling TFT is prevented and stability in operation of the current controlling TFT 
can be improved by providing it with an LDD region partially overlapping with a gate 
electrode. In this case, a drain 35 of the switching TFT 2402 is electrically connected 
to a gate electrode 37 of the current controlling TFT through a wiring 36. A wiring 
denoted by 38 is a gate line for electrically connecting gate electrodes 39a and 39b of 
the switching TFT 2402 with each other. 

The current controlling TFT 2403 shown here has a single gate structure. 
However, it may take a multi-gate structure in which a plurality of TFTs are connected 
in series. Another structure may be employed in which a plurality of TFTs are 
connected in parallel to substantially divide a channel forming region into plural 
sections, thereby releasing heat with high efficiency. This structure is effective as 
countermeasures against degradation by heat. 

As shown in Fig. 6A, a wiring serving as the gate electrode 37 of the current 
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controlling TFT 2403 overlaps with a drain line 40 of the current controlling TFT 2403 
in a region denoted by 2404 through the insulating film. A capacitor is formed in the 
region denoted by 2404. The capacitor 2404 functions as a capacitor for holding the 
voltage applied to the gate of the current controlling TFT 2403. The drain line 40 is 
connected to a current supply line (power line) 2501, and the voltage applied to the 
drain line 40 is kept constant. 

A first passivation film 41 is formed on the switching TFT 2402 and the 
current controlling TFT 2403. A leveling film 42 is formed from a resin insulating 
film on the first passivation film. It is very important to level the level difference 
caused by the TFTs with the leveling film 42. If the level difference exists, defective 
light emission may take place because the light-emitting layer to be subsequently 
formed is very thin. Therefore it is desirable to even out the level difference before 
forming the pixel electrode so that the light-emitting layer can be formed on as flat 
surface as possible. 

Denoted by 43 is a pixel electrode (cathode of the EL element) formed of a 
highly reflective conductive film. The pixel electrode 43 is electrically connected to 
the drain of the current controlling TFT 2403. A low resistant conductive film such as 
an aluminum alloy film, a copper alloy film and a silver alloy film, or a laminate film 
obtained by layering these alloy films is preferably used for the pixel electrode 43. 
The pixel electrode may of course be a laminate film of the low resistant conductive 
film and other conductive films. An insulating film (preferably a resin film) is used to 
form banks 44a and 44b, which form a groove (corresponding to a pixel) therebetween. 
A light emitting layer 45 is formed in the groove. Although Fig. 6A shows only one 
pixel, light emitting layers each emitting one of red light, green light and blue light may 
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be formed separately. 

The light-emitting layer emitting white light is composed of a hole injection 
layer 46 formed of PEDOT (polythiophene) or Pani (polyaniline), a blue light emitting 
layer formed of STAD, a green and red light emitting layer formed of Alq 3 + DCM, and 
an electron transportation layer formed of Alq 3 . These are small molecular materials 
and can be deposited successively by gasification evaporation. 

The light-emitting layer thus has a laminate structure in which the hole 
injection layer 46 formed of PEDOT (polythiophene) or Pani (polyaniline) is layered on 
the light emitting layer 45. On the hole injection layer 46, an anode 47 is formed from 
a transparent conductive film. In this case, the anode has to be light-transmissive 
because light generated in the light emitting layer 45 is emitted upward (toward the 
space above the TFTs). The transparent conductive film may contain a compound of 
indium oxide and tin oxide or a compound of an indium oxide and zinc oxide. 
Preferable material for the transparent conductive film is the one that can be deposited 
at as low temperature as possible, for the transparent conductive film is formed after 
forming the light emitting layer and the hole injection layer that have low heat 
resistance. 

The anode 47 is thus formed to complete a light-emitting element, namely, 
EL element 2405. The EL element 2405 here refers to a capacitor consisting of the 
pixel electrode (cathode) 43, the light emitting layer 45, the hole injection layer 46 and 
the anode 47. The pixel electrode 43 covers almost the entire area of the pixel as 
shown in Fig. 6A, and hence the whole pixel functions as the EL element. 
Accordingly, efficiency in utilization of light emission is very high to provide bright 
image display. 
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On the anode 47, a second passivation film 48 is further formed. The 
second passivation film 48 is preferably a silicon nitride film or a silicon oxynitride film. 
The second passivation film is provided in order to cut communication between the EL 
element and the outside, thereby preventing degradation of the organic EL material due 
to oxidation as well as preventing degassing from the organic EL material. This 
enhances the reliability of the EL display device. 

As has been described, the EL display device of the present invention has a 
pixel portion composed of pixels that have the structure shown in Figs. 6A and 6B, and 
has a switching TFT that has a sufficiently low OFF current value and a current 
controlling TFT that is strong against hot carrier injection. The EL display device 
therefore has high reliability and is capable of quality image display. 

Fig. 5B shows an example in which the structure of the light-emitting layer 
is inverted. A p-channel TFT is used for a current controlling TFT 2601. A 
transparent conductive film is used to form a pixel electrode (anode) 50. Specifically, 
a conductive film of a compound of indium oxide and zinc oxide is used. Of course, a 
conductive film of a compound of indium oxide and tin oxide may be used instead. 

After forming banks 51a and 51b from an insulating film, the 
aforementioned light-emitting layer emitting white light is formed. In this case, a 
cathode 54 serves also as a passivation film. An EL element 2602 is thus completed. 
The light generated in a light emitting layer 53 in this case is emitted toward a substrate 
on which the TFT is formed as indicated by the arrow. In the structure as this, the 
current controlling TFT 2601 is preferably a p-channel TFT. 

As described in the above, the method according to this embodiment 
includes moving the evaporation cells and the substrate relative to each other and 
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providing a mechanism for associating opening and closing of the shutter with the 
movement. Therefore, a light emitting layer can be formed from an organic 
electroluminescence material on a large-area substrate to manufacture an EL display 
device. 

Embodiment 2 

The light-emitting device formed through carrying out the manufacturing 
method of the present invention may be applied to various electro-optical devices. 
Namely, the present invention can be employed in electronic equipment that incorporate 
those electro-optical devices and the semiconductor circuits as the parts. 

As such electronic equipment, a video camera, a digital camera, a projector 
(rear type or front type) a head mount display (goggle-type display), a navigation 
system for vehicles, a car stereo, a personal computer, and a portable information 
terminal (a mobile computer, a cellular phone, or an electronic book, etc.) may be 
enumerated. Examples of those are shown in Figs. 7A to 7F and Figs. 8A to 8C. 

Fig. 7A shows a personal computer, and includes a main body 1201, an image 
inputting portion 1202, a display portion 1203, a keyboard 1204, and the like. The 
present invention is applicable to the manufacture of the display portion 1203. Fig. 7B 
shows a video camera, and includes a main body 1205, a display portion 1206, a voice 
input portion 1207, operation switches 1208, a battery 1209, and an image receiving 
portion 1210. The present invention is applicable to the manufacture of the display 
portion 1206. 

Fig. 7C shows a mobile computer, and includes a main body 1211, a camera 
portion 1212, an image receiving portion 1213, an operation switch 1214, and a display 
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portion 1215. The present invention is applicable to the manufacture of the display 
portion 1215. 

Fig. 7D shows a goggle-type display, and includes a main body 1216, a display 
portion 1217 and arm portions 1218. The present invention is applicable to the 
manufacture of the display portion 1217. 

Fig. 7E shows a player that employs a recording medium in which programs 
are recorded (hereinafter referred to as a recording medium), and includes a main body 
1219, a display portion 1220, a speaker portion 1221, a recording medium 1222, an 
operation switch 1223, and the like. Note that this device uses as the recording 
medium a DVD (digital versatile disc), a CD and the like to serve as a tool for enjoying 
music or movies, for playing video games and for connecting to the Internet. The 
present invention is applicable to the manufacture of the display portion 1220. 

Fig. 7F shows a digital camera, and includes a main body 1224, a display unit 
1225, an eye contact portion 1226, operation switches 1227, and an image receiving 
unit (not shown) and the like. The present invention is applicable to the manufacture 
of the display portion 1225. 

Fig. 8A shows a cellular phone, and includes a display panel 1401, an 
operation panel 1402, a connection portion 1403, a display device 1404, an audio output 
portion 1405, operation keys 1406, a power switch 1407, an audio input portion 1408, 
an antenna 1409, and the like. The present invention is applicable to the display 
device 1404. 

Fig. 8B shows a portable book (electronic book), and includes a main body 
1411, display portions 1412, a recording medium 1413, operation switches 1414, an 
antenna 1415, and the like. The present invention is applicable to the manufacture of 
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the display portion 1412. 

Fig. 8C shows a display, and includes a main body 1416, a support stand 
1417, and a display portion 1418. The present invention can be applied to the display 
portion 1418. The display of the present invention is advantageous for cases of large 
size screens in particular, and is advantageous for displays having a diagonal equal to or 
greater than 10 inches (in particular, equal to or greater than 30 inches). In other 
words, as shown in Embodiment 1, the evaporation cell and the substrate are relatively 
moved, with the result that the organic electroluminescence layer can be uniformly 
formed on the large area substrate having one side exceeding 1 m. Therefore, the 
present invention makes it easy to manufacture the large-sized display easier. 

As described above, application fields of the present invention is extremely 
broad, and is capable of being applied to every fields of electronic equipment. In 
particular, in the present invention, the evaporation cell and the substrate are relatively 
moved, and the movement is associated with of the shutter, which makes it possible to 
form the layer consisting of the organic electroluminescence material on the large-sized 
substrate to thereby manufacture the EL display device. 

The present invention makes it possible to form, without using any shadow 
mask, a thin film having a highly uniform thickness throughout the substrate surface 
with high throughput. 
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